Brahman calves (n = 28) were used to evaluate the effect of environmental temperature during the 1st or 2nd d after birth. Calves were removed from their dams within 30 min of birth (newborn; DO) before suckling or at 20 h of age and fasted for 4 h before treatment (day-old; Dl). Calves were placed in either a warm (W; 25'C) or a cold (C; 5°C) environment for 2 h and either maintained in or transferred to, respectively, W for 22 h. Blood samples were collected via jugular catheters at 15-min intervals beginning at initial placement in W or C through 3 h and at 4, 5, 6, 8, 10, 12, 14, 18, and 24 h. Rectal temperature (Tr) was recorded with each sample. Following the 60-min and 12-h samples, each calf was administered 1 liter of colostnun from its dam. Serum or plasma was analyzed for glucose, lactate, plasma urea nitrogen, triglycerides, nonesterified fatty acids, insulin, cortisol, triiodothyronine (T3). and thyroxine (T4). Rectal temperature of DOC calves was lower (P e .05) than that of other calves &om 75 min through 3 h.
Brahman and contemporary breeds have been reported by researchers in Florida, Louisiana, and Texas (Cartwright et al., 1964; Turner et al., 1968; Peacock et aL, 1971 Peacock et aL, , 1977 Crockett et aL, 1978) . Brahman females producing Brahmau calves usually have a lower calving percentage and calf survival rate than contemporary Bos faurus straightbreds (Franke, 1980) . DeRouen et al. (1967) observed mortality rates of calves during the first 72 h postpartum in Angus, Brangus, and Brahman b r d s to be 5.9, and 19%, respectively. They also rewrted that losses during the first 24 h accounted for 48% of total deaths.
The effects of season and environment on reproduction are documented in the Brahman cow (Randel, 1981) and bull (Godfrey et al., 1987) ; however, limited research has been 4419 done with respect to the Brahman calf. There seems to be a close relationship between low environmental temperature, high precipitation, and mortality rates of calves during the first 3 d after birth (JkRouen et al., 1967) . Under field conditions in the South, Brahman calves born during relatively mild (4 to Y C ) , cold weather conditions (compared with the North) experience difficulty in surviving the fist 24 h of life. Other than research in this laboratory (Godfrey et al., 1991) , the effects of varied environmental temperature on newborn Brahman calves have not been reported.
The objective of the present study was to investigate the response to environmental temperatures in newborn and ld-old Brahman calves as measured by 1) rectal temperatures; 2) the 24-h serum metabolic hormone profile of insulin, cortisol, triiodothyronine (Ts), and thyroxine ("4) ; and 3) the 24-h plasma energy metabolite profile of glucose, lactate, plasma urea nitrogen, triglycerides, and nonesterified fatty acids.
Materials and Methods
Twenty-eight neonatal Brahman calves, born in late August through early November, were used. 'Ihe pregnant dams bearing the experimental calves were maintained on Coastal bermudagrass pasture and were in good to excellent body condition at calving (body condition scores 6 to 8; Wagner et al., 1988) . Dams were monitored every 2 h until signs of parturition began and continuously thereafter until delivery was completed. The calves, randomly assigned within sex and order of calving, were removed from their dams within 30 min of birth, before suckling and drying (newborn, n = 14). or at 20 h of age (1 d old, n = 14). The Id-old calves were fasted for 4 h preceding treatment. Upon removal, or removal with fast, the calves were transported by truck to the experimental facility (< .5 km), where they were weighed and cannulated before treatment. The calves were randomly assigned within sex to one of two treatments within each age group: warm newborn (n = 7), cold newborn (n = 7), warm 1 d old (n = 7), and cold 1 d old (n = 7). The warm calves were housed in an environment with air temperatures 2 25'C for 24 h. The cold calves, inside the .9-m x .9-m x .6-m (I x w x h) box, were placed inside a 2.1-m x 2.4-m x 2.1-m (l x w x h) refiigerated chamber with air temperature maintained between 4.8 and 5.2'C far the initial 2 h and transferred to the warm (25'C) facility for the remaining 22 h. and sodium fluoride (1 g ) mixture, followed by a 30-min centrifugation (1,800 x g). The remaining 10 ml of blood was allowed to coagulate at 4'C for 3 h and then centrifuged for 30 min (1,800 x g). Both plasma and serum were aspirated and stored at -2o'C until analyses were performed. Metabolite Analysis. Spectrophotometric techniques were used to determine the metabolite concentrations. Plasma glucose6, Iactate6, urea nitrogen6, nonesterified fatty acids', and triglycerides6 were assayed as described by the respective protocols supplied in kits.
Metabolic Hormone Analysis. Serum insulin concentrations were determined using a double antibody RIA (Chug et al., 1985) as modifhi for use in OUT laboratory (Harrison and Randel, 1986) . Samples were assayed at a volume of 100 pl. Purified bovine insulin (615-70N-80)* containin 26.6 U/mg was used for standard. Guinea pig anti-bovine insuling was used as the first antibody and oat anti-guinea antibody. Inter-and intraassay CV were 8.3 and 13.9%, respectively. Radioimmunoassay techniques were also used to determine concentrations of cortisolll, T311, and T411. Assay procedures and reagents were included in aIl kits.
Statistical Analysis. Plasma metabolite concentrations, serum hormones, and rectal temperature measurements were analyzed as a 2 x 2 factorial arrangement using the GLM procedure (SAS, 1985) for ANOVA specific for repeated measures. Age and environmental temperature were used as the main effects. The effect of calf sex and birth weight were also analyzed as covariates. Data were divided into two periods, 0 to 6 h and 0 to 24 h, and analyzed separately. quantified. The experimental design was balanced for season (August vs October); although not analyzed, no effect of season was observed. Birth weights were similar (P > .lo) between temperature and age treatment groups; however, male calves were heavier (P < .05) at birth than female calves (33.2 f 1.2 and 30.1 f .6 kg, respectively). All calves used in this study were born without assistance and in the normal amount of time (< 2 h).
Rectal temperatures of newborn cold calves were lower (P c .05) from 75 min through 3 h than temperatures of calves from all other treatments (Figure 1 ). Hypothermia is a symp tom of severe cold stress (Olson, 1984 From time of recoveIy, through the 24-h sampling, rectal temperature was not different (P > .lo) between treatments ( Figure   1 ). This suggests that cold exposure is not .-
. 5 detrimental to newborn Brahman calves ability to thermoregulate when in warmer environmental conditions. However, Brahman calves cannot maintain normal rectal temperature in cold environments during the first few hours after birth. These results suggest that the thermoregulatory mechanisms, described by Jansky (1973) and Webster (1974) Calves that were 1 d old maintained normal body temperatures in either the cold ( 5 ' 0 or warm ( 2 5 ' 0 environmental treatments ( Figure  1 ). Rectal temperature data collected in this study indicate that Brahman calves seem to have functional thermoregulatory mechanisms by 24 h of age.
Metabolic Hormones. An elevated stress response was observed in the newborn calves compared with the 1-d-old calves, indicated by higher (P < .OO01) cortisol concentrations during the initial 6 h of treatment (Figure 2) . It is well known that physical stress stimulates synthesis and release of cortisol (Bondy, 1985) . Moreover, cortisol secretion is quantitatively related to the intensity of the stimulus (Bondy, 1985) . Increased circulating cortisol concentrations observed in newborn calves and not in 1-d-old calves is indicative of an enhanced stress response to a combination of two main factors: 1) handling and transporting the calves in preparation for experimentation and 2) the process of parturition (Scott, 1980) . All calves exposed to 5'C had greater (P < .008) concentrations of cortisol after 1 h of treatment than calves maintained at 25'C ( Figure 2 ). The highest cortisol concentrations (P < .05) occurred in newborn cold calves from 75 min through 3 h (Figure 2) , corresponding with lowered rectal temperature. Newborn cold calves exhibited the greatest serum cortisol response, perhaps due to the additive effects of three separate stressors: parturition, handling, and cold environmental temperatures. Serum cortisol concentrations in ld-old calves exposed to 5'C were higher than in warm treatment contemporaries and were similar to concentrations in newborn warm calves during the initial 75 min of treatment (Figure 2 ). These elevated cortisol concentrations were generated by the additional stress of cold environmental temperatures.
There seemed to be a tendency in both newborn warm and ld-old cold calves for cortisol concentrations to fall to a resting level within the first 2 h of treatment. This may indicate recovery from transport and(or) catheterization and possibly adaptation of ld-old calves to 5°C. Although no differences (P > .05) were observed in cortisol concentrations between treatments from 4 through 24 h, newborn calves had a tendency (P < .lo) to have higher cortisol concentrations than the ld-old calves.
Serum cortisol concentrations in both warm
and cold ld-old calves were similar (e 30 ng/ ml) beyond the first 2 h of the experiment. Therefore, these data suggest that ld-old Brahman calves are able to cope with the stress of a cold environment to a greater degree than newborn Brahman calves. However, it should be noted that both warm and cold newborn Brahman calves started the experiment with higher cortisol concentrations than the ld-old Brahman calves, and cortisol concentrations fell further in newborn than in ld-old calves. These observations may indicate that newborn Brahman calves are able to cope with handling and transport stress and can recover from the stress of cold (5'C) exporn.
Serum T 3 concentrations (3.5 to 6.2 nghnl) were similar to those Godfrey et al. (1991) have reported and were not affected by calf age of environmental temperature; however, an age x temperainteraction (P < .02) was observed (Table 1) . Newborn Brahman calves exposed to YC had higher serum T3 concentrations (> 5.5 ng/ml), from 30 min through the 6-h sampling, than calves exposed to other treatments (Table 1) . However, coIlcentrsltions from the 6-h through the 24-h sampling were not different (P > .lo) between treatments. The higher T3 concentrations of these cold-stressed newborn Brahman calves, in response to the 2-h cold treatment, is considered to be normal. Furthermore, they reaffirm Norman and Litwack's (1987) hypothesis that T3 functions as a biological themstat in warm-blooded animals.
In contrast to T3, age affected serum T4 concentrations. Serum T4 concentrations during the first 6 h of the experimental period were higher (P < .002) in newborn calves than in ld-old calves ( tions achieved after colostrum feeding did not increase thermoregulatory mechanisms sufficiently in newborn Brahman calves exposed to 5'C.
Higher (P c .OK?) plasma triglyceride concentrations were observed in 1d-old calves (46.2 f 1.7 mg/dl) than in newborn calves (23.0 f .6 mg/dl) throughout the 24-h experimental period (Figure 3) . These data indicate that l-d-old Brahman calves can mobilize triglycerides from adipose tissue and transport them via the bloodstream to the liver to be catabolized into metabolizable energy substrates. Environmental temperature did not affect (P > .lo) plasma triglyceride concentrations (cold calves, 38.4 f 1.7 mg/dl, warm calves, 30.7 f 1.1 mg/dl); therefore, it seems that cold environmental temperatures may not stimulate triglyceride mobilization in Brahman calves.
Both the newborn and ld-old calves exposed to 5'C had higher (P c .05) plasma nonesterifhi fatty acid mncentrations during the first 6 h of treatment than warm-treated calves (Figure 4 ). 5'C air temperatures. However, metabolic hormone and metabolite results both concu~ with and deviate from data in similar studies reported in the literature. The important circulating energy substrates (glucose and triglycerides) used to fuel thermoregulatory systems are low in newborn Brahman calves. These lower levels of energy substrates, or inability to use them, may be responsible for decreased body temperature in response to chilling. The elevated nonesterified fatty acid concentration detected in newborn cold-stressed Brahman calves implies that adipose stores are mobilized to aid in thermoregulation. Newborn Brahman calves are severely stressed in a 5'C environment, as indicated by adrenal and thyroid secretion profiles during the 24 h immediately after birth, however, insulin s e cretion did not seem to be affected by chilling.
lmpllcatlons
Results from the present study seem to indicate that newborn Brahman calves are unable to maintain thermostability in cold (5'C) environmental temperatures. This inability to maintain rectal tempemture may be caused by failure in metabolic adjustments occurring in response to the transition from an intrauterine to an extrauterine environment.
Brahman calves that are at least 24 h of age seem to have completed these metabolic adjustments and are able to cope with cold stress (SC) to a greater degree than newborn calves.
